A model of Internet-based Community of Practice (CoP) closely following Wenger's (1998) theory of CoPs is proposed. The model guided a systematic search of the Usenet discussion network; eleven online communities were identified as strongly displaying CoP-like traits. A survey of community members was used to assess the presence of the constructs in Wenger's theory. Four communities, evenly split between computer and non-computer topics, were assessed as Usenet-based CoPs because they exhibited all Wenger constructs. This provides evidence that extra-organizational CoPs can emerge spontaneously in the social areas of the Internet, and that CoPs are not inherently limited to face-to-face interaction.
INTRODUCTION
The concept of Community of Practice (CoP) originally introduced by Lave and Wenger (1991) , and further developed by Wenger (1998) , has been the object of increasing interest in recent years. Scholarly articles in the Proquest database that mention it in citation or abstract follow the rising trend displayed in Figure 1 . Management theorists see CoPs as a key element in the knowledge-based view of the firm (Kogut and Zander 1996 , Brown and Duguid 1998 , Tsoukas and Vladimirou 2001 , Grover and Davenport 2001 . As regards management practice, CoPs are increasingly recognized by executives as natural vehicles of knowledge-sharing and innovation, and are rapidly becoming the cornerstone of an increasing number of Knowledge Management (KM) programs (Wenger and Snyder 2000, Cox 2005 ).
However, current trends of rapid globalisation, flattened hierarchies and mobile workers, are making increasingly rare a condition for conventional CoPs: stable employee co-location (Holtshouse 1998 , Hindle 2006 . Some consider co-location a necessary condition for the kind of interactions that sustain a CoP Duguid 2000, Wasko and Teigland 2004) , thereby denying that true CoPs can exist in a virtual environment. This study will challenge this view by undertaking a systematic search and a rigorous assessment of wholly Internet-based CoPs. The study will adopt Wenger's (1998) theoretical framework of CoPs to develop a model of virtual CoP, and use this to conduct a systematic search for working CoPs over a particular area of Internet known as the Usenet discussion network. The study located four stable Usenet communities lacking none of the attributes described by Wenger (1998) for colocated CoPs, and therefore qualifying as Internetbased CoPs.
The paper is organized as follows. The next section introduces the CoP concept and previous research about virtual CoPs. Following this the model of an Internet-based CoP developed by this study is presented, and the research strategy and data collection methods used to explore this are described. The results of a survey applied to eleven virtual communities exhibiting modelpredicted CoP-traits are presented subsequently and from this evidence four Internet-based CoPs are identified. Implications for theory and practice are discussed, and directions for further research suggested.
COMMUNITIES OF PRACTICE
The CoP concept was introduced in Lave and Wenger's (1991) ethnographic account of traditional apprenticeships, but it was Brown and Duguid's (1991) influential paper that gave it an enduring place in organizational studies. Theorizing on the basis of Lave and Wenger's field research, and a previous ethnography of photocopier service technicians (Orr 1990 ), Brown and Duguid argued that employees are constantly learning as they go about their daily work, and much of this learning bears little relation -and is often at odds -with formal training and canonical procedures. Rather, learning is a matter of becoming competent members of informal organizational communities, which, through their shared practices, provide a living repository for knowledge.
In the broader context of the information revolution and the knowledge-based organization, the CoP concept soon became a key contribution. As the failings of IT-dominated KM projects became apparent, the importance of organizational CoPs was increasingly acknowledged by both theorists and managers. Specifically, CoPs are credited with the following potential advantages:
They foster knowledge-sharing (Stewart 1996) They foster innovation at all levels (Brown and Duguid 1991) They are the seat of core competences Grey 1995, Manville and Foote 1996) They can assume ownership and stewardship of knowledge (Wenger 2004) They transfer best practices (Wenger and Snyder 2000) One of the reasons for the success of the CoP concept was that it put a name to the familiar human experience of belonging to, and participating in, a group of like-minded peers. However, a precise definition has been hard to come by. Lave and Wenger (1991) do not provide one, yet, in later publications, Wenger (1998 Wenger ( , 2000 did develop what is widely acknowledged as the most comprehensive theoretical framework for CoPs. In particular, his identification and description of the constitutive elements of a CoP remains unsurpassed, arguably making his framework the de facto standard (Saint-Onge and Wallace 2002 , Plaskoff 2003 , Thompson 2005 , also indicated by its becoming the focus of an increasing number of critiques (e.g. Contu and Willmot 2000 , Schwen and Hara 2003 , Cox 2005 , Roberts 2006 ). Accordingly, this study will operationally define a CoP as any stable group displaying the complete set of what are referred to as Wenger's constructs: Mutual Engagement, Shared repertoire, Joint enterprise, Community and Learning/Identity acquisition (defined themselves below).
Increasing interest in CoPs soon led to the question of whether a CoP can be "virtual", i.e. to what extent these communities can be Internet-based, particularly since communities of various kinds seem to flourish on the Web (Rheingold 1993 , Tepper 1997 , Preece 1999 , and a large number of previous studies about virtual CoPs made various claims about their capabilities, such as:
(1998) in co-located CoPs. This study will consider the presence of the complete set as conclusive evidence of a CoP. However, assessing the presence of the Essential Traits requires qualitative analysis of member interactions, which makes them unsuitable for conducting extensive searches over the huge Usenet network. Therefore, the model includes a second set of traits whose job is to intensify, without distortion, the empirical signature of the Essential Traits in order to facilitate detection of a special type of virtual CoP.
These traits are called Exemplary Traits, and include several contingent attributes of potential CoPs that generally make a virtual community more focused, productive and energetic. These attributes cannot by themselves single out a CoP, because they are present in all kinds of virtual communities, yet, they are highly visible, and most can be quantified, making empirical detection easier. Hence, they are well suited for extensive searches. Moreover, they do not compromise the link to Wenger's model, because they merely select virtual communities exhibiting the highest potential values of the Essential traits, without actually modifying them.
With these premises, the model of Internet-based CoP comprises the twelve visible traits displayed in Figure 2 . The Essential traits occupy the inner circle, and the Exemplary traits are located in an outer perimeter, each next to the Essential trait it manifests. The model will be referred to as the virtual CoP or VCoP model.
The concentric circles of the vCoP model emphasize the contingent and 'optional' role played by the Exemplary traits. A CoP may lack all Exemplary traits and still be a CoP. However, it could be difficult to detect such a CoP using the extensive searches planned by this study. On the other hand, not every virtual community detected through a strong showing of the Exemplary traits is necessarily a CoP as defined by this study, for it may lack one or more Essential traits. The rationale behind the model is that Internet communities exhibiting all Exemplary traits (the most easily detected), have a better-than-average probability of also exhibiting all Essential traits, and hence qualify as "exemplary" Internet-based CoPs. The implicit assumption is that CoPs are as common among stable interacting groups of people in the Internet as they are among stable interacting groups in organizations (Wenger 1998).
The inclusion of the Exemplary traits requires a conscious trade-off, since they do restrict the greater theoretical range of CoPs defined solely by Wenger's constructs. Thus, an acknowledged limitation of the VCoP model is that it may well discard "un-exemplary" and yet entirely valid Internet-based CoPs, simply because they lack one or more of the Exemplary traits. In exchange, by demanding highly-visible traits that simplify empirical detection, the model enables efficient search and selection of communities with high CoP potential. In addition, by enabling extensive Internet searches, the model opens the door to a huge search range, allowing the size and diversity of the Internet to directly contribute to this study's success. Finally, the Exemplary traits allow a clearer characterization of virtual CoPs detected by the model, because they will be more focused and energetic; "exemplary" as it were. The Essential traits and the Exemplary traits linked to each of these are outlined below.
Mutual Engagement
Members of a CoP exhibit Mutual engagement, which involves doing things together, talking, producing artifacts, and solving problems (Wenger 2000) . Typical manifestations would be collaborative problem solving, debating professional issues or sharing useful information. In addition, the essential trait of Mutual engagement is linked here to two exemplary traits: a high-volume of participant interaction, since an exemplary virtual CoP is held to be fairly active as a manifestation of energetic engagement, and a core-periphery structure, reflecting the potential for various degrees of engagement, which enables active participation of people other than core members (Wenger 1998). This increased membership makes for a more energetic and diverse community. The model of core-periphery structure used here is Borgatti and Everett's (1999) continuous core-periphery model, in which core members are densely tied to each other, and periphery members have more ties with core members than with each other.
Joint Enterprise
This is the area of knowledge that brings the community together, gives it its identity, and defines the key issues that members need to address (Wenger 2004) . It is an elusive construct, because even though members of a CoP collectively negotiate the enterprise and hold each other accountable, they do not need an explicit or frequent discussion to do so (Wenger 1998). Hence, assessing its presence is a qualitative judgment, and a typical manifestation is that the group cares about an identifiable domain of knowledge. Joint enterprise is indicated when a virtual CoP is narrowly focused on its domain. This is generally a significant indicator of quality in Internet-based communities, which by being public and open must deal with off-topic messages from non-members and commercial advertisers (Kollock and Smith 1996, Smith 1999) . Highly-focused discussions therefore manifest the potential for Joint enterprise, alongside a focus on a Topic which is an identifiable profession. This is a strong restriction because theory does not limit CoPs to professions; there is, for instance, the example of rehabilitated alcoholics (Lave and Wenger 1991). However, Wenger, McDermott and Snyder (2002, p. 30) argue it is easier for a CoP to define its enterprise "when there is already an established discourse, as is the case with a professional discipline." Moreover, professionally-focused CoPs are intrinsically more relevant to management literature (e.g. Brown and Gray 1995 , Gherardi, Nicolini and Odella 1998 , Wenger 2004 , hence more "exemplary".
Shared Repertoire
Over time, sustained Mutual engagement results in the development of a set of communal resources that allow members to more effectively pursue their enterprise. These resources include routines, tools, ways of doing things, stories, symbols, and artifacts that the community has produced or adopted in the course of its existence, and which have become part of its practice. Typical instances of a Shared repertoire include shared artifacts, shared criteria and shared practices. Well-organized Internet communities develop permanent documents that fulfill a practical function, such as a charter to tell visitors what the community is about, or a FAQ to avoid needless repetition of routine questions (Hahn 2000) . These will be referred to as institutional documents, and are a good indicator of the capacity for collective action of an online community and of the commitment of its members. Exemplary virtual CoPs are limited to those displaying high-quality institutional documents.
Community
Members of a CoP form a stable group brought and held together by Mutual engagement. Thus, unlike other types of communities, friendship and/or affection are not a pre-condition. Empirical manifestations of Community include members' knowledge of each other and shared sense of community. Hence, this is linked to the size of the collective. An exemplary virtual CoP is defined as small enough for all members to know each other, if only through virtual interaction, yet not so small as to stretch the concept of "community". Furthermore, exemplary virtual communities will be limited to those exhibiting a low level of conflict in member discussions. In the Internet social environment it is very easy for argument and conflict to escalate, causing some virtual communities to disband. Thus an Exemplary virtual CoP is deliberately characterized as displaying little conflict, as manifested by Subject headers and message tone.
Learning/Identity Acquisition
Learning is the ultimate aim of people that participate in a CoP (Wenger 1998). Typical manifestations include new knowledge or new skills acquired from online participation. Although these cannot be directly observed, members can be expected to express satisfaction when they learn something, or to report learning when expressly asked. In addition, Wenger (1998) views Learning as inseparably linked to the acquisition of an identity: people join CoPs because they identify with them. Identity acquisition is an elusive construct, as member messages addressing issues of identity are probably not very common, hence no exemplary traits are identified in Figure  2 . However, discussion of career issues will be used as a visible manifestation.
RESEARCH STRATEGY, METHODS AND DATA COLLECTION
To reiterate, the aim of this research is to assess whether Wenger's (1998) model of a Community of Practice can be situated in a virtual environment, and although the VCoP model is not inherently limited to particular areas of Internet, this study chose to focus on the Usenet network, for several reasons. First, Usenet can be efficiently searched using Smith's (1999) newsgroup analysis tool, Netscan, publicly available at http://netscan.research.microsoft.com. Quantitative Exemplary traits can be directly measured with Netscan, allowing newsgroups to be ranked by affinity to said traits. Second, Social Network Analysis (SNA) can be applied to Usenet newsgroups to reveal core-periphery structures (Murillo 2002) . Third, Usenet is big: it is the largest and oldest discussion network on Earth (Hahn 2000) . This is useful because Oliver and Marwell's (1988) theory of the critical mass predicts that large networks are more likely to succeed in collective action, having a better chance of containing a number of dedicated and competent "organizers" that can band together and mobilize others. Finally, Usenet represents an interesting limit case given its low media-richness. If complex Mutual engagement can be effectively achieved within the limitations of plain-text messages, giving rise to true Usenet-based CoPs "in the wild", then it should be easier to achieve in the richer media provided by modern intraorganizational networks. This research strategy can be visually represented as a Funnel (Figure 3) . In Stage One, the strategy calls for taking in as large an input as possible of Usenet newsgroups, through the upper opening of the Funnel, and making a first selection using quantitative criteria from the Exemplary Traits that can be extensively applied through Netscan's wide scope. This results in a considerably reduced newsgroup subset which can then be examined, through direct observation, for the qualitative criteria of the Exemplary Traits; a more timeintensive method. This once again results in a substantial reduction of eligible newsgroups, which can then be analyzed through the computationally intensive core-periphery analysis. Newsgroups exhibiting high scores in all Exemplary Traits are then allowed to proceed to Stage Two, where the survey will seek for evidence of the Essential Traits. The planned outcome is for at least some newsgroups to successfully navigate the multiple filters of the Funnel by demonstrated possession of all Essential and Exemplary Traits of the VCoP model; thus qualifying as Exemplary Usenet-based CoPs.
Throughout, the logic of Funnel design favors more extensive methods near the top (notably, Netscan) and more intensive methods near the bottom (notably, the survey). This makes compatible an extensive Usenet search with more intensive assessment methods. The methods employed in each stage are outlined below.
Stage One: Usenet search
Execution of the Funnel strategy began with the selection of the specific Usenet hierarchies to search (Google Groups currently lists over 900 Usenet hierarchies), given the fact that Netscan can only examine one hierarchy at a time. The mainstream Usenet hierarchies comp.*, misc.*, sci.* and soc.* were chosen, and judiciously complemented with the Canada-based newsgroups grouped under can.*, and the British newsgroups grouped under uk.*. They are the most important English-language hierarchies after the USA newsgroups, hence relevant search areas. In addition, the alt.comp.* sub-hierarchy contains many competent computer groups, making for another viable search area.
Next, the quantitative and qualitative criteria of the Exemplary traits were operationalized as Funnel filters, the former based on the interaction measures provided by Netscan (Smith 1999). Table 1 A core-periphery model was fitted to 52-week samples of online activity from each of these 19 newsgroups using UCINET (Borgatti, Everett and Freeman 2002) . Model fit was assessed using correlation and plotted concentration values. Three newsgroups exhibited poor model fit and were discarded, leaving, as end result of Stage One, 16 professionally-oriented newsgroups exhibiting all Exemplary Traits. Avoiding toosimilar newsgroups (such as comp.lang.c++.moderated and comp.std.c++), and preserving a balance of IT and non-IT topics, a final sample of 12 newsgroups was selected (Table 2 ). Coreness was used as an indicator of community membership understood as intensive mutual engagement; hence high-coreness (i.e. ≥ 0.005) members of the newsgroups were used as the target population for the online survey applied in Stage Two.
W O R K I N G PA P E R S E R I E S FIGURE 3 -THE FUNNEL RESEARCH STRATEGY
Stage Two: Survey Survey design targeted the Essential Traits of the VCoP model. The presence of each Wenger construct was hypothesized to manifest itself as a number of visible sub-constructs or indicators, as shown in Table 3 . A review of published scales (Rubin, Palmgreen and Sypher 1994) did not turn up any that fit these novel constructs and subconstructs. Hence, the authors iteratively developed and refined a closed-item bank, which eventually grew to 214 items, of which the pilot questionnaire included 60, with five-item scales for each sub-construct. Thus, one out of three items was selected for the instrument, which follows the guideline suggested by DeVellis (2003) .
To maximize convenience to invited participants, a web-based survey was used, with point-and-click Likert scales that respondents could fill quickly and accurately. Invitations were e-mailed to newsgroup participants exhibiting coreness of 0.005 or better. Hence, the survey targeted stable members of each newsgroup (ranking well above the 80th percentile in terms of message posting), and left out occasional and one-time posters.
The survey underwent two pilots, the first on newsgroup ADA (which was henceforth dropped from the sample), and the second on PHYSRES. Reliability analysis on the first pilot resulted in wording changes in 21 items. A second pilot was performed with the revised instrument, and this time only three items were discarded, but otherwise no further changes were indicated. Hence results of Pilot 2, excepting discarded items, were included in the main survey run. With 239 usable surveys received, the overall response rate was 17.3% consistent with other Internet surveys (Witmer, Colman and Katzman 1999) . Descriptive statistics of the sample are shown in Table 4 .
W O R K I N G PA P E R S E R I E S TABLE 1 -INITIAL NEWSGROUP POPULATION AND APPLICATION OF EXEMPLARY TRAIT CRITERIA TABLE 2 -NEWSGROUPS SELECTED FOR STAGE II SURVEY
The hypothesized scales were validated through reliability analysis and Exploratory Factor Analysis (EFA). Advantage was taken of the modular design of the questionnaire, and separate EFA were performed on each of the four item-blocks, in effect treating each as a separate 14-item, three-scale questionnaire. Each factor analysis was run under Un-weighted Least Squares, with the number of factors recommended by Horn's parallel analysis (Zwick and Velicer 1986) , and Promax rotation with k = 4 (Tataryn, Wood and Gorsuch 1999). The criterion of salient loading was set at 0.4. Once simple structure was achieved, latent constructs were identified, and a reliability analysis performed on the resulting scales.
In general, scale evaluation through EFA, resulted in strong confirmation of most of the original hypothesized scales. Four validated scales (Collective problem-solving, Debating domainrelated issues, Shared criteria and Members' knowledge of each other) exactly matched the hypothesized scales. Two others (Acquiring new knowledge and Shared practices) lost one item during the evaluation process, but otherwise matched hypothesized scales, thus preserving the original concept definition and scale naming (DeVellis 2003) . Therefore, these six refined scales are validated instruments for measuring the corresponding sub-constructs, and can be used to gather evidence about the presence or absence of Wenger's constructs.
W O R K I N G PA P E R S E R I E S TABLE 3 -HYPOTHESIZED VISIBLE MANIFESTATIONS OF THE ESSENTIAL TRAITS TABLE 4 -CHARACTERISTICS OF THE SURVEY SAMPLE (N =239)
In addition, the EFA process yielded three new scales that had no direct counterpart among the hypothesized sub-constructs. Examination of items loading under each led to their being labelled as:
Improving professional skill Identifying with the profession Shared sense of professional community These new scales are formed from items that loaded onto the same factor but originated in scales for different sub-constructs. Though not exact matches of hypothesized sub-constructs, each describes theoretically consistent manifestations of one and only one Wenger construct. Hence, they can be integrated into the validated questionnaire as new indicators or subconstructs (DeVaus 2002). Indeed, they are conceptually very similar to the meaning intended in the original sub-constructs. For instance, 'Identifying with the profession' is similar to 'Acquiring/enacting a professional identity'. Thus the nine EFA-validated scales can be used as indicators of four Wenger constructs as shown in Table 5 . The fifth construct, Joint enterprise, remains unmeasured because none of the validated scales could be logically connected to the hypothesized indicator of 'Caring for a domain of knowledge'. Therefore, the validated questionnaire has this "blind spot", as it were. This limitation was partially addressed by seeking evidence of Joint enterprise in the textual responses to an open survey question addressing community.
RESULTS
Descriptive statistics of validated scales are displayed in Table 5 ; simple summated scales were used to calculate scale scores (Gorsuch 1983) . Reliability analysis for the 'shared practices' scale yielded a marginally acceptable Cronbach Alpha of 0.66, and no problematic items. 'Debating domain-related issues' was weaker, with Alpha of 0.62 not reaching the recommended 0.7 value (Nunnally 1978) . However, item-total correlations were acceptable, the scale is conceptually meaningful, and received the additional validation of EFA, thus it was retained.
Validated scales were next used as indicators of the presence of the Essential Traits in each newsgroup. A high score in each scale is interpreted as evidence for the presence of the corresponding sub-construct, and therefore, of the associated Essential Trait as displayed in Table 3 . Accordingly, summated scores were calculated at the newsgroup level, and two-tailed t-tests were performed comparing mean scale scores to the mid-point of the Likert scale (i.e. 3.0), using a Bonferroni correction to assure an overall 95% significance level (SPSS 1997) . Results are displayed in Table 6 . Significantly high scores, both in the positive and negative direction are shown in bold. To highlight the differences between the newsgroups they have been ranked (top to bottom) by the number of variables exhibiting significantly high scores: three newsgroups (TAXES, MEDTRAN and CPLUS) have high scores in eight out of nine variables, while two (FINPLAN and CIVWAR) only in one.
These results must be interpreted in light of Wenger's constructs, the ultimate target of the survey. Before leaving this section, though, the results of the open question "Do you consider this newsgroup a community and why?" are described.
The first result from the community question (Table 7) was a yes/no opinion on whether each newsgroup is a community. A substantial number of respondents were not clearly committed for or against. Many others considered only the subset of core members or regular participants to be a
W O R K I N G PA P E R S E R I E S TABLE 5 -VALIDATED SCALES DERIVED FROM EXPLORATORY FACTOR ANALYSIS
community, while excluding occasional posters. In nine out of eleven newsgroups, more than 50% of respondents judged either the newsgroup or a subset of it to be a community. The two exceptions were FINPLAN, with only 44% of respondents answering in that sense, and CIVWAR, with only 38%.
Many participants supplemented their yes/no opinion with elaborate explanations that provided a wealth of additional information about the newsgroups. Textual answers were coded using a coding scheme based on the same sub-constructs developed in the process of item selection. Code counts for the constructs of Community and Joint enterprise are displayed in Table 8 . Since relying
W O R K I N G PA P E R S E R I E S TABLE 6 -NEWSGROUP-LEVEL STATISTICS FROM VALIDATED SCALES
on a response by a single participant to indicate the presence of a construct would be risky, a minimum of three respondents were required to consider reported evidence about a construct as relevant. This is recorded by using bold type for code counts of 3 or more.
The coding exercise found evidence for the Community construct in all but three newsgroups: FINPLAN, CIVWAR and CRYPT. This evidence included respondent mentions of newsgroup members knowing each other and/or mentions of a sense of community, thus matching the two subconstructs that were hypothesized to manifest Community. Note that these manifestations of community are distinct from the previous yes/no opinion.
Evidence was also found of 'Caring for a domain of knowledge', which is the hypothesized manifestation of Joint enterprise. The evidence consisted of participants reporting a strong topical focus in newsgroup discussions and/or strong participant interest or expertise in the topic. Code counts for this sub-construct were below three for five newsgroups (CRYPT, MEDTRAN, COBOL, FINPLAN and UKAGRI), the rest had four or more instances.
The content analysis of the community question thus yields evidence of Community and Joint enterprise that falls outside the scope of the validated scales. Though not statistical, this evidence seems fairly relevant. In addition to the conservative minimum of three respondents attesting to the presence of a sub-construct, the majority of textual responses (79%) came from participants with a tenure of two years or more, which would suggest a good knowledge of the culture of their communities. Thus respondent testimony about these two constructs will be accepted as a valid and useful complement for scale results. Table 6 ). 'Shared criteria' had the least appearances, with significant positive scores only in CPLUS and TAXES; every other subconstruct had at least four significant scores. The fact that each sub-construct was detected in several diverse communities suggests survey scales are robust, yet sufficiently nuanced to capture CoP-like behaviors and artifacts. The one sub-construct common to all is 'Acquiring new knowledge', which yielded significantly high scores in every community. Hence, respondents in all communities report online participation results in knowledge acquisition. Learning thus appears to be quite common in Internet-based communities -echoing previous studies -, and would seem not to be reserved to CoPs.
W O R K I N G PA P E R S E R I E S
Statistical evidence of the presence of a subconstruct in a particular community is interpreted as evidence of the presence of the associated construct (see Table 5 ). This inference is only reinforced by the detection of more than one subconstruct for the same construct. The existence of multiple manifestations of a construct (e.g. multiple forms of Mutual engagement) suggests a more sophisticated CoP, but a CoP nonetheless. Detected sub-constructs and associated constructs are shown in Table 9 together with the evidence from the open question. Newsgroups are again ranked by number of constructs found. The shaded area identifies the four newsgroups (TAXES, CPLUS, VISOBJ and PHYSRES) that exhibited the complete set of Wenger constructs, and are thereby assessed as Usenet-based CoPs. Furthermore, these virtual CoPs are also 'exemplary', because they satisfy the 'quality' standards specified by the Exemplary Traits of the model. In fact, it can be argued that meeting these standards, particularly the professional orientation, lays the groundwork for a virtual
W O R K I N G PA P E R S E R I E S TABLE 9 -SUB-CONSTRUCTS AND ASSOCIATED CONSTRUCTS DETECTED BY THE SURVEY
community to evolve into a virtual CoP. A fifth newsgroup, XTRPRG, lacked scale evidence of Community, but offered it in the community question instead, and could be called a borderline case, a natural target for further research.
IMPLICATIONS FOR THEORY
The finding that extra-organizational CoPs spontaneously emerge in the social areas of the Internet constitutes new support for Wenger's (1998) position that CoPs are naturally-occurring social structures. In addition, it provides a useful complement, and in some aspects a contrast, to Duguid's (2000, 2001) Support Brown and Duguid's (2001) suggestion that CoPs are high-density areas of larger NoPs, because all detected VCoPs operated at or near the relatively dense cores of newsgroups exhibiting an overall coreperiphery structure.
Do not support Brown and Duguid's (2000) and Wasko and Teigland's (2004) position that CoPs are always co-located structures and only NoPs can be Internet-based, because detected VCoPs lacked none of the constitutive elements of CoPs (Wenger 1998).
Suggest engagement between core members of some newsgroups can make them deviate over time from an electronic NoP because sustained engagement results in members getting to know each other, causing a true community to gradually emerge, and violating the assumption that in an electronic NoP, members remain strangers to each other (Wasko and Teigland 2004) .
However, the fact that CoPs can be virtual in no way weakens NoP theory per se, because placing a co-location restriction on CoPs is not really necessary to its arguments, or to its usefulness in explaining knowledge leakiness and stickiness (Brown and Duguid 2001) .
One reason for focusing this study on the Usenet discussion network was to examine the notion that low media-richness would pose an obstacle to engagement. The discovery of energetic Usenet-based CoPs -some with fairly complex engagement -supports Wenger et al's (2002) argument that it is the shared practice and the sustained engagement of members that makes possible a virtual CoP, rather than the richness of the medium. Furthermore, because newsgroups are just one of several Web technologies that support threaded discussions (other examples are listservs and Yahoo groups), it is reasonable to expect virtual CoPs to exist in other social areas of the Internet.
At first sight, virtual CoPs might seem an imperfect substitute for co-located CoPs. After all, people will, most likely, prefer to engage in person rather than over a computer, particularly when working on complex problems (Robertson, Sørensen and Swan 2001) . Hence, with respect to interaction richness, face-to-face CoPs are superior. However, when interaction convenience is considered, virtual CoPs frequently have the advantage, because they can be accessed from any place, and they are always in session. Thus they are a permanently available source of help for members. Considering the fact that an increasing proportion of employees are highly mobile (Hindle 2006) , this ease-of-access is a huge advantage. In addition, virtual CoPs potentially have the advantage of reaching the kind of world-class talent that few co-located peer groups can match (for instance, the membership of CPLUS includes well-known figures in the C++ Standard Committee). Of course, virtuality per se does not guarantee the participation of worldclass talent, but co-location certainly imposes an iron restriction.
Therefore it is likely that for individuals, it will not be virtuality or co-location that matters most, but the fact that for different problems, different CoPs are better resources, because of their area of expertise or because of the people that participate. Hence people will likely join both colocated and Internet CoPs, and adjust their participation to fully exploit learning and identityacquiring possibilities.
Implications for Practice
For individual practitioners extra-organizational Internet-based CoPs can be a convenient and valuable resource for enhancing personal practice and developing a professional identity in a wide variety of fields. In this era of fast-paced change, regular engagement with a network of knowledgeable peers is a good way to prevent one's competence from becoming stale. In addition, virtual CoPs can provide a safe glimpse into a new practice and identity for people undergoing a career change (Ibarra 2003) . They can also be particularly valuable to people who through geographic or organizational isolation lack a local peer group (Thomsen 1996, Wasko and Teigland 2002, Hara and Hew 2006). For instance, academics who do not find in their local departments a sufficient critical mass of colleagues working on their particular research topics (Pickering and King 1995) , can try to locate, or even launch, an Internet CoP focused on them. If they succeed, it may well become the equivalent of a permanently running conference, and encourage the development of more personal publication-oriented networks (Lowrie and McKnight 2004) .
The existence of extra-organizational Internetbased CoPs holds important lessons for organizations as well. The fundamental premise for managers is that nowadays most business organizations operate immersed in large, denselyconnected knowledge ecologies which provide both opportunities for knowledge acquisition and risks of knowledge loss (Brown and Duguid 1998) . Achieving the former and preventing the latter should be part of management's agenda, and at a minimum, this requires awareness of the existence and pervasiveness of these ecologies, which through the Internet can extend around the world. Moreover, managers should keep in mind that access to these knowledge ecologies, for good or for evil, is provided by active engagement in extra-organizational CoPs, real or virtual, by the organization's employees. Therein lies importance of securing the goodwill and loyalty of knowledge workers through well-designed HRM policies (Newell, Robertson, Scarbrough and Swan 2002) . Handy (1994) argues professionals today are more loyal to their profession (hence their CoPs) than to the organization where they currently practice. The existence of world-class virtual CoPs provides talented employees with a convenient benchmark for comparing the projects and teams they are currently working on, with those of their peers at other companies. For employing organizations, this translates into a constant world-class competition for the hearts and minds of talented people (Bartlett and Ghoshal 2002) .
Future Research
The literature review did not find a previous instance of a survey used to assess a community as a CoP using Wenger's constructs. Hence, the validated instrument (available from the authors) is offered as a practical output of this research. Its biggest shortcoming -and an area for future work -is the lack of a validated sub-scale to detect the presence of Joint enterprise.
More research of Usenet CoPs is needed to produce detailed descriptions of member interactions using qualitative analysis or a fullscale ethnography, preferably non-intrusive (the historical archives of newsgroups can be examined at leisure without inconveniencing CoP members). In this sense, Usenet CoPs provide a privileged locus for the study of naturally occurring CoPs, because interactions can be studied in unprecedented detail using SNA and ethnography. One issue that would particularly benefit from this combination of methods is the identification of the VCoP's periphery and the assessment of its contribution.
Finally, those communities that, with the data obtained by this study, did not quite reach the standard of VCoPs are obvious targets for future research. The two strongest candidates are MEDTRAN and XTRPRG, which achieved four out of five Wenger constructs.
SUMMARY
The study makes two contributions to CoP literature. First, it confirms the existence of extraorganizational Internet-based CoPs through the systematic search and rigorous assessment of four working examples. Second, it applies Wenger's (1998) theory in full by using Wenger's constructs to build the theoretical model, guide the Internet search, and rigorously assess detected virtual CoPs.
Several achieved milestones contribute to the overall success of the study:
A model of Internet-based CoP was proposed that derives its theoretical consistency from including all the attributes Wenger (1998) identifies for CoPs.
A strategy for comprehensive Usenet searches of virtual communities was developed, capitalizing on the power of Smith's (1999) Netscan analyzer.
A set of Exemplary Traits was proposed which, by being empirically detectable, and imposing high standards on hypothesized CoPs, successfully guided the Usenet search to the intended targets.
Four Usenet-based communities were discovered lacking none of the constitutive dimensions Wenger describes for co-located CoPs.
Two more Usenet communities remain strong candidates to qualify as true CoPs, thus providing ready-made avenues for further research.
The study also exhibited weak points, where achieved results did not match expectations:
To achieve sufficient sample size, some survey respondents (21%) were accepted with coreness below the originally intended threshold of 0.005.
The cores of detected VCoPs were less cohesive than expected, although they were still the most cohesive subset in the social network of the newsgroup.
Survey evidence of Joint enterprise had to rely on the open community question, because the validated scales failed to measure this construct.
Despite these weaknesses, the authors believe this study is the first to offer systematic theorygrounded evidence of Internet-based CoPs displaying every constitutive element identified by Wenger. In doing so, the study substantiates calls for organizations to take virtual CoPs seriously, and makes clear that modern workplace trends and distributed organizational forms are not themselves barriers, per se, to the valuable interactions and learning that occur when professionals talk over the practice they share. Kollock, P. and Smith, M. (1996) 
